somewhat different from stand volume per hectare (Loetsch and Haller, 1964; Pretzsch et al., 2014) . A high stand volume per hectare can be caused by many small trees (each containing little AGB) and/or a few big trees (each containing a disproportionately large AGB; e.g.,
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Liang et al., 2007; Lei et al., 2009; Wang et al., 2011; Slik etal. 2013; Poorter et al. 2015; see Fig. S1 ). In addition, stand basal area per hectare (used in the calculation of stand volume) has been proved as a useful proxy of productivity in secondary subtropical forests of China (e.g., Barrufol et al., 2013) . 
Measurements and calculations of carbon stocks
For individual trees with DBH ≥5 cm, aboveground biomass (AGBt) was calculated using the Brown's allometric equation (eqn 1; Brown et al., 1989) with DBH only because tree height and DBH of the studied subtropical trees was highly correlated (r = 0.86, P < 0.001).
AGB = {−2.134 + 2.530 × (D)} eqn 1
190 where D is diameter at breast height.
To avoid the uncertainty about using of Brown's equation for our studied forests, we have developed regression relationship between basal area (substitute of AGB) and DBH (≥ 5cm) for the species in our studied system. It is found that the Brown's equation and our developed regression equation, for basal area -DBH, yielded almost similar relationships
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( Fig. S1 ). In addition, previous work has shown that basal area was highly related with AGB (Ali et al. 2014 ), and the D-H models for AGB could be generally used across subtropical large trees, small trees and shrubs (Ali et al. 2015) . Further, Brown's equations had Biogeosciences Discuss., doi:10.5194/bg-2016 Discuss., doi:10.5194/bg- -6, 2016 Manuscript under review for journal Biogeosciences Published: 19 February 2016 c Author(s) 2016. CC-BY 3.0 License.
commonly used for estimation of AGB in different subtropical forests (e.g., Conti and Díaz, 2013) .
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In addition, the individual tree AGB (DBH ≥ 5 cm) estimated with Brown's (1989) equation was These results were therefore consistent with recent continental scale study (Paul et al., 2016) showing that when comparing the estimated AGB through model using stem diameter as a single predictor there was little improvement in accuracy of estimation when the model included other plant variables (e.g. height, wood density).
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We estimated AGB of individual shrubs and small trees (AGBs) using a diameter-height (DBH < 5 cm) based multi-species equation developed locally (n = 96, R 2 = 0.71, P < 0.001; Ali et al., 2015) .
where D is DBH < 5 cm, and H is tree height (m).
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The sum of the aboveground biomass for trees and shrubs was considered as total AGB per plot. Subsequently, we converted AGB to aboveground C stock (Mg ha -1 ) by multiplying AGB with a factor of 0.5, as 50% of the total tree biomass being C (Dixon et al., 1994) .
Biogeosciences Discuss., doi:10.5194/bg-2016 Discuss., doi:10.5194/bg- -6, 2016 were taken to the laboratory and air-dried over 30 days. Each soil sample was then sifted through a 0.25 mm sieve and thoroughly mixed to determine organic soil C concentrations using the oil bath-K2CrO7 titration method (Nelson and Sommers, 1974) . In each plot, soil bulk density was determined using a steel corer of a known volume, and five soil cores were collected per plot. The soil cores were dried in at 105 °C in an oven for > 48 hours, after 230 coarse fragment such as stone was removed. Bulk density (g cm -3 ) was calculated by dividing the oven dry weight of the soil (g) by the volume of the soil core. The amount of soil organic C (Mg ha -1 ) was calculated by multiplying the organic C content by the soil depth and soil bulk density (Brown, 2004) . 
Calculation of stand structural diversity
We selected the Shannon-Wiener biodiversity index to quantify tree size variation (Magurran, 2004) . With the Shannon-Wiener index, DBH and height were grouped into discrete classes.
For DBH, 2, 4, 6, and 8 cm classes were tested, while for height, 2, 3, 4, and 5 m classes were tested in order to calculate the indices. We assessed the correlation between DBH diversity 240 and height diversity with different classes of DBH and height, respectively, for the purpose of stand structural management (e.g., Lei et al., 2009) . Hence, the highest correlation coefficient (r = 0.54, P < 0.001) between DBH diversity and height diversity was achieved with DBH and height classes of 8 cm and 3 m increments, respectively. Therefore, 8 cm and 3 m increments were utilized for the DBH and height classes in calculating DBH and height 245 diversity, respectively. Based on basal area proportions, tree species, DBH and height diversities were calculated using equations 3for each plot (Buongiorno et al., 1994; Staudhammer and LeMay, 2001; Magurran, 2004 
where Hx was either species diversity, DBH diversity or height diversity; pxx was either the 250 proportion of basal areas of xth species, xth diameter classes or xth height classes, respectively, while x was either the number of tree species, diameter or height classes, respectively.
The analysis on the Shannon-Weiner indices was performed using the vegan package for the R (Oksanen et al., 2015; R Development Core Team, 2015) . 
Statistical analysis
We conducted three sets of data analysis. Firstly, we used a simple linear regression analysis to test for pair-wise associations of C stocks (aboveground and/or soil organic) with each of species diversity, DBH diversity, height diversity, stand age, stand density, and site 260 productivity. We also tested the pair-wise association between stand age and species diversity, DBH diversity, height diversity, stand density, and site productivity.
Secondly, three series of ordinary least squares (OLS) multiple regressions analyses were conducted to test whether C stocks (aboveground and/or soil organic) were primarily driven by stand structural diversity (species, DBH, and height diversity; first series), other 265 characteristics of the stand (stand age, stand density, and site productivity; second series), and a combination of stand structural diversity and other stand characteristics (third series). The OLS multiple regression analyses were conducted using the Spatial Analysis in variable, a total of 63 possible models were tested by beginning from six potential predictor variables (species diversity, DBH diversity, height diversity, stand age, stand density, and site 275 productivity; Fig. 1 among the three competing series was selected on the basis of the lowest AICc. It is worth mentioning here that aboveground C stock, DBH diversity and site productivity were calculated using tree diameters, thus, we ran the multicollinearity statistics. Multicollinearity diagnosis was performed in multiple regressions using the variance inflation factor (VIF) as multicollinearity larger than 10 could cause inaccurate model parameterization and decreased 290 statistical power, and exclude significant predictor variables (Graham, 2003) .
Lastly, we employed a structural equation model (SEM) to assess the direct effects of species diversity, DBH diversity, height diversity, stand age, stand density, and site productivity on C stocks (aboveground and/or soil organic), and the indirect effects of stand age, on each of the C stocks through the mediation of other stand characteristics. However,
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even if VIF value is lower than 10, it may still cause inaccurate model parameterization, decrease statistical power and exclude significant predictor variables. Hence, it potentially impairs the identification of significant effects and invalidates approaches that assume no DBH diversity (Table 2) . Further, in the synthetic model, the significant predictors with the highest importance values were DBH diversity (1.0) and species diversity (0.97; Table S3 ). In 350 contrast, tree height diversity was not significant in both the synthetic and the best models.
For the testing of the second series, aboveground C stock was positively correlated to stand age and site productivity, but negatively related to stand density in the best regression model (R 2 = 0.79, P = 0.001; Table 2 ). In the synthetic model, all three predictors were significant; however, stand age and site productivity had the similar highest importance value (1.0) as 355 compared to stand density (0.70) (Table S3) . When species diversity, DBH diversity, height diversity, stand age, stand density, and site productivity were jointly tested (third series), the best regression model (R 2 = 0.83, P < 0.001) revealed that aboveground C stock was positively correlated to stand age, site productivity and DBH diversity, but negatively related to species and height diversity ( Table 2 ). In the synthetic model, the significant predictors 360 with high importance value were stand age (1.0), site productivity (1.0), species diversity (0.96), DBH diversity (0.90) and height diversity (0.77; Table S3 ); however, stand density was not significant in both the synthetic and the best models. It is worthy of mention that the best model of the third series was the best-fit model among the competing best models of all three series, in that it had the lowest AICc as well as the highest R 2 (Table 2) .
365
With respect to organic soil C stock, the best models of all series revealed that none of the species diversity, DBH diversity, height diversity, stand age, stand density, and site productivity had significant effects (Table S4 ). Although some of the predictors were retained in the best models of each series, they were not significant and explained very low variations in soil organic C stock (R 2 values ranged between 0.00 and 0.03; Table S4 ). Also, in the C stock (Fig. 3b) . The positive contribution of site productivity to aboveground C stock during stand development was also found in secondary tropical forests (Lohbeck et al., 2015) .
It is well known that increases in forest productivity and biomass play a critical role in 500 shaping C accumulation through high nutrient supply (Giardina et al., 2003) . In this study, most of the stands were still recovering from disturbances, thus site productivity and nitrogen availability increased with stand development (Yan et al., 2009). As a result, aboveground C accumulation increased through forest succession.
Distinguishing the direct and indirect effects of stand age through mediations of stand 505 characteristics on aboveground C stock may determine the role that stand age plays in driving variation in C stock during forest succession. By employing a structural equation model, we observed that stand age could explain a small additional variation (~ 2%) in aboveground C stock when it was considered as a primary driver of aboveground C stock through the mediation of stand characteristics (Fig. 3b) . However, the results showed that stand age had 510 substantial direct and total effects (sum of direct and indirect effects) on aboveground C stock (Fig. 3b) . Clearly, these contrasting results indicated that the direct effects of stand age on aboveground C stock was much stronger than the indirect effects of stand age through the mediation of stand characteristics in the forests under study. The possible reasons for the low indirect effects of stand age on aboveground C stock in this investigation might be attributed 515 to the contributions of the other factors such as environmental properties and species competition, which were not included in our model. It should be noted that this study did not focus on the association of C stock with environmental properties, or tree mortality rates, recruitment, and survival. However, these biotic and abiotic factors also have linkages with stand age toward the influence of C stock in forest ecosystems (Giardina et al., 2003; Lutz 520 and Halpern, 2006; Liang et al., 2007; Lei et al., 2009; Vayreda et al., 2012; Chen and Luo, 2015) . Therefore, we suggest that further research should be conducted to improve our model by including the direct and indirect effects of environmental properties, as well as the demographic traits of tree species on the relationship between stand age and C stock.
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Conclusions
This study has presented and articulated the inherent complexities of variation, as relates to aboveground C stock, by utilizing six stand characteristics of secondary subtropical forests across Eastern China. We found that 81 % of variations in aboveground C stock could be explained by stand characteristics in these heterogeneously aged forests (Fig. 3a) . However, it 530 is noteworthy here that stand age is the main driver directly and indirectly, via stand structural diversity and site productivity, affecting variation in aboveground C stock in subtropical secondary forests (Fig. 3b) . Rather than species and height diversities, DBH diversity, stand age and site productivity cumulatively contributed to variation in aboveground C stock during stand development in subtropical forests in Eastern China.
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Therefore, improving tree DBH diversity and stand condition could be an effective approach for continue C storage in subtropical forests. For each effect of the first and second series, all seven possible models were tested, while all 63 possible models were tested for the third series. See Table S3 for the contribution to the models of all variables tested. Detailed statistics of all models for the first, second, and third series are provided in Tables S9, S10, 
Figure Legends
Fig. 2
Relationships between stand characteristics and C stocks and between stand age and stand structural diversity in subtropical evergreen broadleaved forests. Only significant associations (see Table S2 ) are shown here (a-d) Aboveground C stock (ACS) as a function of tree DBH diversity, tree height diversity, site productivity, stand age; (e) DBH diversity as a function of stand age; and (f) height diversity as a 770 function of stand age. 
